Abstract: Aquaculture is growing ever more important due to the decrease in natural marine 1 resources and increase in worldwide demand. To avoid losses due to aging and abnormal weather, it 2 is important to predict seawater temperature in order to maintain a more stable supply, particularly 3 for high value added products, such as pearls and scallops. The increase in species extinction is a 4 prominent societal issue. Furthermore, in order to maintain a stable quality of farmed fishery, water 5 temperature should be measured daily and farming methods altered according to seasonal stresses.
following problems:
48
• Fewer are evaluated as first grade (poor quality)
49
• As compared to a natural environment, aquaculture management is complicated (it is necessary 50 to breed more than the required number)
51
• Hybrids suffer from contamination of egg cells (in the gonads) not found in Japanese giant pearl 52 oysters (causes a deterioration in quality) 53 • Genetic information peculiar to Japan is lost (conservation of species) 54 We therefore promote rebuilding the brand image and sales of Japanese pearls by returning to pearl 55 farming using Japanese Akoya oysters. However, Akoya oysters are weak against environmental 56 change as compared with hybrids. Thus, the need for water temperature/water quality control 57 to guard against red tides caused by massive zooplankton populations and death due to water 58 temperature change is greater than for hybrids. 
Importance of present temperature control

60
There are numerous processes for culturing pearls. In artificial culturing, a nacreous layer is 61 formed by using a scalpel to insert a resin sphere (nucleus), which becomes the core of the pearl, 62 into the oyster's body [12] . It takes three years and six months for the pearl to develop, so long-term 63 management is required as compared with general fish farming. To insert the nucleus into a pearl 64 oyster, it is intentionally stressed to weaken it by exposing the target pearl oysters to low-water as in Mie Prefecture's Ago Bay, which is the focus of this paper, to have differences of a maximum of 85 2 in the spring and 5 in the summer, depending on the surrounding geographical conditions.
86
For sites used to farm fish, it is necessary to collect and predict temperatures in the range of 100 m
87
-500 m square. 
Seawater temperature prediction algorithm
118
In this section, we describe the algorithm used for seawater temperature prediction. We use 119 random forest as our prediction algorithm. Random forest is a machine learning method that can 120 efficiently learn decision trees created in large quantities by utilizing the advantages of randomness.
and 8 m.
140
Inner of Ago The temperature change of the layers is great (due to weather conditions) and the 141 deviation of each water temperature is high with each tide.
142
Center of Ago Water temperature change is gentle.
143
South Ise meteorological observatory (weather data collection site) 144 An example of changes in seawater temperature due to Matoya Bay's weather conditions is weather also has a great influence. In this study, we model seawater temperature change at each point 150 by using temperature and wind speed data as a weather condition, and construct a water temperature 151 prediction algorithm. 
Data prediction flow
153
We constructed our prediction model based on the actual data of each site. Random forest 154 was used for the prediction algorithm and modeling. All calculations were done on Python and 155 direct access to the database on the server was possible. We constructed this prediction model to 156 use large-scale data. After modeling for each point, we input each day's weather forecast after its 
Experimental result
204
In this section, we describe the prediction results using actual data. For the prediction accuracy In order to show which parameters are most effective for prediction, we performed prediction in 224 two steps. Prediction 1 was made using only the water temperature and weather data, and prediction 226 meteorological data. The prediction 1 result is shown in Table 4 and prediction 2 result is shown 227 in Table 5 . Regarding error in the prediction result, the predicted value of the water temperature 228 at each water depth/point for January 6, 2016 to January 7, 2017 output by the prediction model is 229 compared with the actual measured value at each point. Differences after comparison are averaged.
230
The one with the largest error when comparing is the maximum error.
231
Numerical values after the comma at each water temperature indicate the maximum error at 232 each depth. The maximum error at each point is also shown in the table.
233 
Discussion
234
It was also found that the model's mean error based on the combination of air temperature and 235 seawater temperature in prediction result 1 is about 1.1 . Further, as for the result of the prediction 236 model with the wind speed added in prediction result 2, since the average error is approximately 1
237
, it is possible to predict in the normal state. However, the maximum error exceeds 6 regardless 238 of either result, and the maximum error is 12.9 for inner Ago bay. The cause of this error in 9 of 11 overlearning occurs. We believe that prediction accuracy can be improved by continuing to alter the 249 algorithm, applying measures to prevent excessive learning, and adding parameters such as tidal 250 currents, wind speed, and total rainfall.
251
In this research, we made predictions by using weather forecast data (hourly temperature Ise meteorological observatory because they are two separate locations. We plan to use tidal data 258 provided by the JMA. In the future, we aim to confirm the minimum data required for learning,
259
cope with outliers, and predict long-term seawater temperature using long-term forecast data. For has been extensively studied [19] . The nodes constituting the WSN can constitute a "multi-hop/ad 290 hoc network" that acquires sensor data, such as temperature, illuminance, acceleration, and the like, is widely studied as a promising application for object tracking and monitoring of the natural 295 environment.
296
We are developing sensor network devices and server applications capable of gathering high-density 297 information on a large scale and collecting environmental data [22] . 
Conclusion
299
In this paper, we proposed an algorithm to predict seawater temperature at water depths used 300 for aquaculture. Sucn prediction for the water depth actually used for farming as proposed in 301 this research has heretofore not been carried out, despite its importance in successful aquaculture.
302
We proposed an algorithm using a prediction model based on actual weather data and seawater
303
temperature data that has a high prediction accuracy of about 1 . We will continue our research 304 on reducing outliers, coping with overlearning, and long-term seawater temperature prediction on a 305 monthly basis. In the future, we will support not only seawater temperature, but also chlorophyll a 306 and salinity concentrations to further promote sustainable aquaculture.
